A novel Gram-stain-negative, aerobic, non-spore-forming, motile and rod-shaped bacterial strain, designated HM451
The genus Burkholderia, belonging to the family Burkholderiaceae, proposed by Yabuuchi [1] was once a diverse group comprising more than 100 species that included plant and animal pathogens and environmental species. Recently, it was proved to be polyphyletic, and two new genera, Paraburkholderia and Caballeronia, were proposed to accommodate primarily former environmental Burkholderia species [2] . Members of the genus Paraburkholderia are typically Gram-stain-negative, non-spore-forming and straight rodshape bacteria that can utilize glucose, glycerol, inositol, galactose, sorbitol and mannitol as sole carbon sources. Some Paraburkholderia species isolated from soils and root nodules are reported to be N 2 -fixers [3] [4] [5] [6] [7] [8] , indicating their important roles in the environment. The most recently described species are Paraburkholderia pallidirosea [9] , Paraburkholderia piptadeniae, Paraburkholderia ribeironis [10] , Paraburkholderia caffeinilytica [11] , Paraburkholderia azotifigens [12] , Paraburkholderia hiiakae, Paraburkholderia metrosideri, Paraburkholderia paradisi and Paraburkholderia peleae [13] .
The Dinghushan Biosphere Reserve (DHSBR; 112 31¢ E, 23
10¢ N), located in Guangdong Province, PR China, is one of three reserves in China selected in 1980 to join the UNESCO Biosphere Reserve Network due to its rich biodiversity and ecological importance. Recently, a systematic survey for soil prokaryotes aiming at understanding the biodiversity and its ecological roles was carried out at DHSBR using both culture and culture-independent methods. Many bacterial isolates, including a strain designated HM451 T , were obtained from this study. Here, we describe it as a novel species of the genus Paraburkholderia by using a polyphasic approach.
Strain HM451
T was isolated from soil samples (acidic lateritic red earth, pH 4.0-5.0) collected from pine and broadleaf mixed forest at the DHSBR, which has an annual mean temperature and rainfall of 20.9 C and 1956 mm, respectively. It was isolated using the following protocol: 10 g soil sample was suspended in 100 ml sterile saline (0.85 % NaCl) and then serially diluted with the same saline; each Reasoner's 2A (R2A) agar plate (HKM) was inoculated with 100 µl diluted suspension and incubated at 28 C for 5 days. white colony designated as HM451 T was obtained, purified and then stored in 25 % glycerol in a freezer at À80 C. Growth of strain HM451
T on tryptic soy agar (TSA; HKM), Luria-Bertani agar (LB; HKM), R2A agar and MacConkey agar (HKM) medium was tested and the results showed that it grew on all media tested, and the best growth was achieved on R2A at 28 C. For all taxonomic experiments carried out in this study, HM451
T and the closest strain Paraburkholderia mimosarum NBRC 106338 T were cultured on R2A agar at 28 C for 2 days unless otherwise stated.
The Gram-staining reaction was determined using the standard staining protocol. The cell morphology of strain HM451 T was examined by an optical microscope (Â1000 magnification; Nikon) with cells collected from late exponentially growing cultures. The motility was checked using the hanging-drop method as described by Gerhardt et al. [14] . The flagellum-staining was performed using the method described by Harley and Prescott [15] . Bubble production in 3 % (v/v) H 2 O 2 was used to assess catalase activity, and oxidase activity was determined with oxidase test strips with (1 %, w/v) tetramethyl-p-phenylenediamine (HKM). Hydrolysis of casein, starch [16] , Tween 80 [17] and DNA (using DNase agar from HKM, with DNase activity detected by flooding plates with 1 M HCl) was assessed after 4 days of incubation at 28 C. H 2 S production was determined with H 2 S test agar (HKM). The strain was incubated in R2A broth at varies temperatures (4, 12, 20, 28, 33, C, which were measured after 2 weeks. Enzyme activities and other physiological and biochemical characteristics were determined with API ZYM, API 20 NE and API 50 CHB/E galleries (bioM erieux) according to the manufacturer's instructions.
Cells of strain HM451
T were Gram-stain-negative, aerobic, non-spore-forming, non-motile and rod-shaped (0.4-0.8 µm wide and 1.0-2.1 µm long). The colonies of strain HM451
T grown on R2A agar for 2 days were smooth, circular (1.0-2.0 mm in diameter), white-pigmented, convex with clear edges. Tween 80 and casein were hydrolysed but starch was not. H 2 S was not produced. Strain HM451
T was catalase-positive, oxidase-negative and DNase-negative, grew at 4-42 C, pH 4.5-9.0 and 0-4.5 % (w/v) NaCl, with optima at 28 C, pH 5.0-6.0 and 0-2.5 % (w/v) NaCl. The detailed physiological and biochemical characteristics that differentiated strain HM451
T from its closest phylogenetic relatives are listed in Table 1 .
Genomic DNA of strain HM451
T was extracted with a commercial genomic DNA-extraction kit (GeneStar). The 16S rRNA gene was amplified from genomic DNA using universal primers 27F and 1492R [18] . The almost-complete sequence of the 16S rRNA gene (1489 bp) was compiled using MEGA software and compared with those of related taxa obtained from the GenBank database or the EzBioCloud database [19] . Multiple alignments were carried out using the CLUSTAL_W program [20] . Phylogenetic trees were reconstructed with MEGA 5.0 [21] by using the neighbourjoining [22] , maximum-parsimony and maximumlikelihood methods [23] . Evolutionary distance matrices (distance options according to Kimura's two-parameter model) were generated as described by Kimura [24] and the tree topology was assessed by bootstrap analyses [25] based on 1000 replications.
The phylogenetic tree reconstructed using the maximumlikelihood method (Fig. 1) showed that HM451
T formed a steady clade with P. mimosarum NBRC 106338
T (98.6 %), P. heleia NBRC 101817 T (98.4 %) and P. silvatlantica SRMrh-20 T (98.0 %) within the genus Paraburkholderia, which was also supported by the maximum-parsimony (Fig. S1 , available in the online version of this article) and neighbour-joining trees (Fig. S2 ).
The cellular fatty acids of strain HM451
T and the reference strain, P. mimosarum NBRC 106338 T , were analysed using biomass collected from batch cultures grown on R2A agar at 28 C for 2 days (the cells were at early stationary stage). Biomass of all strains was harvested and subjected to saponification, methylation and extraction using the method of Miller [26] and Kuykendall et al. [27] . The fatty acid methyl esters mixtures were determined with Sherlock Microbial Identification System (MIDI, Microbial ID). The quinones of strain HM451
T were isolated according to the methods of Minnikin et al. [28] and determined using highperformance liquid chromatography (HPLC) [29] . Polar lipids of HM451
T were extracted and analysed by twodimensional thin-layer chromatography (TLC) according to Minnikin et al. [28] . The total polar lipids were separated on thin-layer silica gel plates by two-dimensional TLC with a solvent system composed of chloroform-methanol-water (65 : 25 : 4) for the first direction and chloroform-methanol-acetic acid-water (80 : 15 : 12 : 4) for the second direction. The DNA G+C contents of strain HM451
T and P. mimosarum NBRC 106338
T were determined by HPLC analysis [30] . DNA-DNA hybridization between strain HM451 T and P. mimosarum NBRC 106338 T was performed with the fluorometric micro-well method [31, 32] using eight replications for each hybridization. The highest and lowest results obtained for each sample were deleted and the means of the remaining six results were converted to percentage DNA-DNA relatedness values [33] .
The major fatty acids (>10 %) of strain HM451
T were summed feature 8 (19.9 %), C 16 : 0 (14.3 %) and C 17 : 0 cyclo (14.9 %). Some qualitative or quantitative differences on fatty acid content were observed between strain HM451 T and its phylogenetically close relatives (Table 2) . Strain HM451
T contained a lower percentage of C 19 : 0 cyclo !8c (6.9 %) than P. mimosarum NBRC 106338 T (11.7 %), P. silvatlantica SRMrh-20 T (11.7 %) and P. hiiakae I2 T (10.8 %); a lower percentage of summed feature 3 (6.0 %) than P. heleia NBRC 101817 T (12.9 %) and P. peleae PP52-1 T (13.1 %). However, it contained a higher percentage of summed feature 8 (19.9 %) than that of all strains compared except P. peleae PP52-1 T (21.8 %). The major respiratory quinone of strain HM451
T was ubiquinone 8 (Q-8), in line with all other members of the genus Paraburkholderia. The major polar lipids were phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol, two unidentified aminophospholipids, one unidentified aminolipid and a polar lipid (Fig. S3) . The DNA G+C content of HM451 T was 65.4 mol%. The value was slightly higher than that of all strains compared. DNA-DNA relatedness between strain HM451 T and P. mimosarum NBRC 106338 T was 46.1±2.0 % (Table S1 ), lower than the threshold value of 70 % recommended for the assignment of genomic species [34] . Based on the phenotypic, chemotaxonomic and phylogenetic data presented above, HM451 T should be assigned to the genus Paraburkholderia as the type strain of a novel species, for which the name Paraburkholderia caseinilytica sp. nov. is proposed. The type strain, HM451
DESCRIPTION OF
T (=GDMCC 1.1190 T =LMG 30092 T ), was isolated from forest soil sampled at the Dinghushan Biosphere Reserve, Guangdong Province, PR China. The DNA G+C content of HM451 T is 65.4 mol%. 
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